Introduction
The stereoselectivity of biomolecules significantly affects chemical and biological processes.
For the inherent stereoselectivity of biological systems, molecules with various stereostructures can exhibit the same chemical properties but different biological properties. 1, 2 Stereoisomeric compounds such as proteins, amino acid, DNA, RNA, etc., forming the most important species, can regulate the normal functions of cells. Therefore, stereoselective interaction plays an important role in biochemistry, pharmaceutics and other relevant fields. 3, 4 Ascorbic acid (AA), commonly known as vitamin C, is a kind of natural antioxidant and cofactor of enzyme in biological systems. [5] [6] [7] Isoascorbic acid (IAA) as a common stereoisomer of AA is also legally used as an antioxidant food additive for its antioxidant property that is similar to that of AA. IAA can only be synthesized artificially. Although AA and IAA share similar physicochemical properties, the antiscorbutic potency of IAA is only 5 to 7% of AA. 8, 9 Hence, it is urgent to develop a sensitive and rapid method for stereoselective interaction and detection of AA and IAA. Currently, various methods including high performance liquid chromatography, 10, 11 capillary zone electrophoresis, [12] [13] [14] and electrochemical methods 15, 16 have been reported for stereoselective interaction with AA and IAA. Among those methods, electrochemical sensing offers many merits, such as convenience, easy operation, low cost and high sensitivity, 17 and is gradually growing into a significant research technique for stereoselective interaction.
Studies have demonstrated that enzymatic methods are accurate, practical and specific, 18 and have been well developed in the electrochemical field. Ascorbic acid oxidase (AO), a multi-copper protein and oxido-reductase, can specifically catalyze AA to generate dehydroascorbic acid (DHA) and water in the presence of molecular oxygen: 19, 20 AA + 1/2O2 → AO DHA + H2O
Based on the specificity of AO, Liu's group 21, 22 developed a series of enzyme sensors via AO and nanocomposites for electrochemical detection of AA, and obtained satisfactory results. As far as we know, few researchers have reported the reaction between AO and IAA. Because of the stereoselectivity of AO, it can be used as a promising selector to promote the understanding of the selectivity for AA and IAA in biosystems. Although our group had explored the catalysis and stereoselective interaction of AA and IAA, 15, 16 there are few reports discussing the application of AO in stereoselective interaction with AA and IAA.
Recently, metallic nanomaterials have caught much attention due to their unique physicochemical behaviors and excellent chemical properties.
Gold nanoparticles with the most widespread applications have the advantages of good stability, high conductivity, desirable biocompatibility and promising catalytic activity.
bonding. 26, 27 Gold nanoparticles can be obtained through the method of electrodeposition, and the morphologies of the gold nanoparticles will present the resemblance of a structure of a flower under the appropriate condition. Therefore, this flowerlike gold nanoparticle with large specific surface can be used as carriers for high immobilization of AO in electrochemical sensing.
Being one of the derivatives of graphene, graphene oxide (GO) has good affinity and solubility in water, attributable to the existence of oxygen groups on its surface. However, GO displays poor conductivity, which limits its further application in electrochemistry. Hence, reduced graphene oxide (rGO) has been extensively employed in many electrochemical works [28] [29] [30] due to its multilateral advantages, such as large specific surface, excellent biocompatibility 31 and excellent electrical conductivity. 32 Polyethyleneimine (PEI), a kind of water-soluble high-molecular polymer with abundant active amino groups, has the capacity of reducing GO. The positively charged PEI reduced rGO with significant conductivity and abundant amino groups can be chemically modified by other groups and molecules. [33] [34] [35] Accordingly, gold nanoparticles can bond with PEI reduced rGO to form dpAu/rGO nanocomposites, which not only have signal amplification features, but act as a supporter for high loading of AO.
In this work, a layer by layer composite film, coupling of ascorbic acid oxidase (AO), flower-like electrodeposited gold nanoparticles (dpAu) and reduced graphene oxide (rGO) has been prepared (AO/dpAu/rGO) to develop a simple strategy for electrochemical stereoselective discrimination of AA and IAA via DPV.
Experimental

Reagents and chemicals
AA (99%), IAA (99%) and gold chloride tetrahydrate (HAuCl4·4H2O, 99.99%) were purchased from Aladdin Chemistry Co., Ltd. (Shanghai, China). Ascorbic acid oxidase (AO) was the product of Sigma-Aldrich (Milwaukee, WI). Polyethyleneimine (PEI) and graphene oxide (GO) were obtained from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan) and Nanjing Xianfeng Nano Co. (Nanjing, China), respectively. The phosphate buffer saline (PBS, 0.1 M) with different pH values was prepared by Na2HPO4 and KH2PO4 including 0.1 M KCl. Other chemical agents were analytically pure and could be used directly without further purification. In addition, the water applied in all experiments was ultra-pure.
Apparatus
All electrochemical measurements were performed on a CHI604D electrochemical workstation (Shanghai Chenhua Instruments Co., China). A standard three-electrode system was set up for the experiment, in which a bare or modified glassy carbon electrode (GCE, f = 4 mm), a platinum wire and Ag/AgCl electrode (saturated KCl solution) were used as working electrode, auxiliary electrode and reference electrode, respectively. A scanning electron microscope (SEM, S-4800, Hitachi, Japan) and atomic force microscopy (AFM, Vecco, USA) were employed to estimate the surface topography of the electrodes.
Fabrication of the selective biointerface
The rGO was prepared according to the literature (see Supporting Information). Prior to the experiment, the glassy carbon electrodes (GCEs) were polished sequentially with 0.3 and 0.05 μm alumina slurries, followed by ultrasonic cleaning in ethanol and ultra-pure water for 5 min, and then dried at room temperature. Later, 10 μL of the prepared rGO solution (1.0 mg mL -1 ) was dropped on a cleaned GCE surface (denoted as rGO/GCE). After drying, the rGO/GCE was immersed in 1% chloroauric acid solution for 80 s under a constant potential of -0.2 V to obtain gold nanoparticles modified rGO/GCE (dpAu/rGO/GCE). Finally, 8.0 μL of AO solution (0.6 mg mL -1 ) was dropped on the dpAu/rGO/GCE and allowed to incubate for 12 h at 4 C to form an enzyme-based biointerface (AO/dpAu/rGO/GCE). The proposed electrodes were rinsed with ultra-pure water before use. The stepwise preparation of the modified electrode and electrochemical selective biointerface are displayed in Schemes 1A and 1B, respectively. 
Electrochemical interaction
The AO/dpAu/rGO/GCEs were dipped in 2.0 mM AA or IAA (dispersing in 0.1 M PBS, pH 7.0) solution for 120 s to generate the interaction with AA or IAA. Then, the electrochemical oxidation signals of AA or IAA on the surface of the modified electrodes were immediately recorded by DPV.
Results and Discussion
Characterization of the different interfaces
The diluted rGO, dpAu/rGO and AO/dpAu/rGO composites were cast on clean conducting glass surfaces and dried at room temperature, and then the surface morphologies of these nanohybrids were investigated by a scanning electron microscopy (SEM) technique. The rGO presented a typical lamellar structure (Fig. 1a) . After electrodeposition of gold nanoparticles, the rose-like particles were scattered on the rGO (Fig. 1b) , indicating that rGO acted as a good substrate for the electrodeposition of gold nanoparticles. While the AO was coated on, the morphology of the rose-like particles was observed to become obscuring (Fig. 1c) , suggesting that AO was loaded on the dpAu/rGO composite surface.
In addition, the morphologies of different surfaces of the enzyme-based sensor were investigated by AFM. From Fig. 2a , it can be seen that the dpAu/rGO interface was displayed as spherical particles and its root mean square (RMS) roughness was 3.00 nm. After AO was incubated on the dpAu/rGO surface, the films become rough with RMS of 4.21 nm (Fig. 2b) , suggesting the immobilization of AO.
Cyclic voltammograms (CVs) were carried out to explore the stepwise process of the sensors in 5.0 mM [Fe(CN)6] 4-/3-solution with the scanning rate of 100 mV s -1 . When the electrode surface has been modified by some materials, the electron transfer kinetics of [Fe(CN)6] 4-/3-is perturbed. As shown in Fig. 3 , a couple of reversible redox peaks were obtained on the bare GCE (curve a), while the increasing peak current was observed on the rGO/GCE (curve b) owing to the excellent conductivity of rGO. After the electrodeposition of gold nanoparticles, the peak current was observed to increase slightly (curve c) due to the characteristics of gold nanoparticles. Along with the immobilization of AO on the dpAu/rGO/GCE, a decreased peak current emerged since the electron transfer was hindered by AO (curve d).
Stereoselective interaction of AA and IAA
The capability of stereoselectivity between the AO/dpAu/rGO/ GCE and AA or IAA (2 mM) was investigated via DPV (pulse amplitude = 50 mV, pulse width = 0.2 s) in 0.1 M PBS (pH 7.0). The bare GCE, rGO/GCE, dpAu/rGO/GCE, AO/GCE and AO/rGO/GCE were also employed as the working electrodes in a comparative experiment. As shown in Fig. 4 , almost no peak current difference was observed on the bare GCE (Fig. 4a) , rGO/GCE (Fig. 4b) or dpAu/rGO/GCE (Fig. 4c) , indicating that no stereoselective interaction occurred on these electrodes due to the absence of stereoselective sites. Small peak current differences were observed on the AO/GCE (Fig. 4d) and AO/ rGO/GCE (Fig. 4e) , revealing lower stereoselective interactions emerged for the unstable immobilization of AO. The significant peak current difference was presented on the AO/dpAu/rGO/ GCE (Fig. 4d) ; the peak current difference (ΔIp = IpIAA -IpAA) was 32 μA with the peak current ratio (IpIAA/IpAA) of 1.77, suggesting higher stereoselective interactions were acquired. And the larger peak current value could be observed from IAA. The possible mechanism of this electrochemical phenomenon was raised as follows: After the AO/dpAu/rGO/GCE was immersed in AA or IAA solution, the AA around the electrode could be chemically catalyzed by AO to generate DHA (Scheme 1C), 36, 37 which led to a lower amount of AA reaching the electrode surface, 20 so that a lower oxidation peak current was observed on AA. Compared with the dpAu/rGO/GCE, the increased peak current of IAA was observed on the AO/dpAu/ rGO/GCE, hinted that the compatible microenvironment on the selective biointerface was more appropriate to IAA via specific electrostatic or hydrogen bonding sites, 38 so that a greater amount of IAA loading was acquired on the AO/dpAu/rGO/ GCE, derived from the synergistic effect of rGO, dpAu and AO. Consequently, AO could be applied as a selector to enhance the stereoselective interaction of AA and IAA, and AO/dpAu/rGO as an enzyme-based nanohybrid could be employed as a favorable stereoselective biosensing interface for AA and IAA.
Calibration curves of AA and IAA
The calibration plots of AA and IAA were detected by DPV under the optimal experimental conditions (see Supporting  Information, Fig. S1 ). In 
Reproducibility, stability and selectivity of the sensor
The reproducibility and stability of sensors played significant roles in application. From Fig. 5 , the reproducibilities of the sensors were estimated using five proposed electrodes for each AA or IAA concentration via DPV. The relative standard deviation (RSD) was 2.4% at 2 mM and 3.1% at 0.5 mM of AA. In addition, the RSDs of IAA were 3.0 and 3.8% at the concentrations of 2 and 0.5 mM, respectively. The stability of the sensor was explored by storing the modified electrodes in a refrigerator at 4 C when not in use. After one week, the peak current of AA and IAA decreased to 92.7% and 93.1% of the initial signal, respectively. Therefore, the proposed electrochemical biosensor displayed acceptable reproducibility and tolerable stability for discrimination of AA and IAA.
From a practical point of view, selectivity is an important criterion for recognition ability. To examine the selectivity of the designed sensor, an electroactive amino acid, such as tryptophan (Trp), 3,4-dihydroxyphenylalanine (DOPA) and tyrosine (Tyr), was examined with the concentration of 2 mM via DPV. As revealed in Table 1 , the greatest peak current difference was exhibited between AA and IAA, hinting that the presented method will provide a promising platform for AA and IAA discrimination.
The application of the biosensor
The method of standard addition was applied to measure vitamin C effervescent tablets, and the results indicated that both the accuracy and repeatability of the proposed sensor were satisfactory (Table 2) .
Conclusions
We prepared a simple enzyme-based nanohybrid material, incorporating the stereoselective properties of AO and signal amplification features of dpAu/rGO to construct an AO/dpAu/ rGO biointerface for the discrimination of AA and IAA via DPV. In this biointerface, AO was newly used in electrochemical stereoselective analysis, and played a key role in the stereoselectivity towards AA and IAA. Moreover, the dpAu/ rGO nanohybrid provided a compatible microenvironment and a large surface area for high loading of AO. Large current differences were obtained from AA and IAA, indicating that the designed sensor had satisfactory stereoselective interaction ability for AA and IAA. This approach provided a beneficial reference for the construction of an electrochemical stereoselective sensor with the advantages of simple preparation, low cost and convenience. 
